A parametric study of the etch characteristics of GaN, A1N and InN has been camed out with ICVAr and IBr/Ar chemistries in an Inductively Coupled Plasma discharge. The etch rates of InN and AlN were relatively independent of plasma composition, while GaN showed increased etch rates with interhalogen concentration. Etch rates for all materials increased with increasing rf chuck power, indicating that higher ion bombardment energies are more efficient in enhancing sputter desorption of etch products. The etch rates increased for source powers up to 500 W and remained relatively thereafter for all materials, while GaN and InN showed maximum etch rates with increasing pressure. The etched GaN showed extremely smooth surfaces, which were somewhat better with IBr/Ar than with ICVAr. Maximum selectivities of -14 for InN over GaN and >25 for InN over AlN were obtained with both chemistries.
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INTRODUCTION
Plasma etching techniques have been predominantly used in the patterning of 111-nitrides for photonic devices such as laser diodes and light-emitting diodes (LEDs).'-'' Currently, all of the LEDs and a majority of the lasers are ridge wave guide structures in which the mesas are formed by dry etch~ng.'~ Therefore, most of the previous etching studies have been focused on obtaining the relatively large etch depths (2-4 pm) typical of ridge or facet heights, where the final surface morphology on the field is less important. Moreover, an n-type ohmic contact is deposited on the etched surface, and loss of nitrogen from this surface actually improves contact resistance. Attention is now tuning to the development of GaN-based high powerhigh temperature electronics for power switching and transmission application^.'^-'^ In these devices, the etch depth is much shallower, but smooth morphologies and high selectivities for InN over the other nitrides are required because layers based on InN will probably be used to obtain low ohmic contact resistance. In some cases rectifying contact will be deposited on the etched surface, so its electrical quality is most important. the ion flux at the sheath edge increased slightly (Fig.3, bottom) . This is because the main role of the chuck power is to increase the ion-bombarding energy. The effect of the rf power on etch rate (or etch yield) and ion flux at the sheath edge in the ICP system is described in detail el~ewhere.~'.~~ It is also interesting to see that the magnitude of etch rate is in the order of bond energies, InN (7.72 eV) < GaN (8.92 eV) < AlN (1 1.52 eV).27
The effect of reactor pressure on etch rate, etch yield (defined as number of atoms etched per incident ion2'), dc bias and ion flux in ICVAr plasmas is shown in Fig. 4 .
During these experiments the source and chuck powers were held constant at 750 W and 250 W, respectively. InN showed a maximum etch rate at 15 mTorr and decreased with further increasing pressure, while the etch rate of GaN increased up to 10 mTorr and decreased thereafter (top). It is also seen that the etch rate of A1N was almost independent of the pressure. The increased etch rates of InN and GaN with pressure indicates that etching is limited by mass transfer of reactive gas species at the lower pressures.
However, as the pressure increases further, the etch rate decreases due to either lower ion flux to the substrate surface or to redeposition of etch products. Etch yield data are shown in the lower part of the figure. The higher dc voltages or lower ion fluxes at higher pressures were attributed to increased collisional recombination which decreased the plasma ion density. roughness. It is seen that IBr/Ar chemistry (bottom) shows somewhat better morphology than ICYAr (top), resulting in overall mirrorlike smoothness in both chemistries.
In order to reduce the currently high contact resistance in GaN-based heterostructure field transistors:' and eventually heterojunction bipolar transistors, it is expected that InN-based contact layers will be nece~sary,2~-~~ in analogy to InGaAs on
GaAs. In such a case, the ability to selectively etch InN relative to the other nitrides will be crucial. Figures 6 to 8 show some selectivity data as functions of plasma composition, rf power, and ICP power in IBr-and IC1-based plasmas, respectively. The effect of plasma composition showed an overall trend of decrease in selectivities for InN over A1N
and over GaN as the concentrations of IBr and IC1 increase (Fig. 5) . However, the selectivity of InN over A1N showed maximum values depending on ICP source power ( Fig. 6 ) and rf chuck power (Fig. 7) , while that of InN over GaN increased overall as the 
